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Comparison of Short- and Long-Term
utcomes After Off-Pump and On-Pump
oronary Artery Bypass Graft Surgery With Sternotomy
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lbany, New York, Bronx, Manhasset, and Cooperstown, New York; Durham, North Carolina; and Boston and
illiamstown, Massachusetts
OBJECTIVES This study was designed to compare in-hospital mortality and complications and three-year
mortality and revascularization for off-pump and on-pump coronary artery bypass graft
(CABG) surgery after adjusting for patient risk.
BACKGROUND The use of off-pump CABG surgery has increased tremendously in recent years, but little is
known about its long-term outcomes relative to on-pump CABG surgery, and most studies
have been very small.
METHODS Short- and long-term outcomes (inpatient mortality and complications, three-year risk-
adjusted mortality, and mortality/revascularization) were explored for patients who underwent
off-pump CABG surgery (9,135 patients) and on-pump CABG surgery (59,044 patients)
with median sternotomy from 1997 to 2000 in the state of New York.
RESULTS Risk-adjusted inpatient mortality was 2.02% for off-pump versus 2.16% for on-pump (p 
0.390). Off-pump patients had lower rates of perioperative stroke (1.6% vs. 2.0%, p  0.003)
and bleeding requiring reoperation (1.6% vs. 2.2%, p  0.001) and higher rates of
gastrointestinal bleeding, perforation, or infarction (1.2% vs. 0.9%, p  0.003). Off-pump
patients had lower postoperative lengths of stay (median 5 days vs. 6 days, p  0.001).
On-pump patients had higher three-year survival (adjusted risk ratio [RR] 1.086, p 
0.045) and higher freedom from death or revascularization (adjusted RR 1.232, p 0.001).
When analyses were limited to 1999 to 2000, the two-year adjusted hazard ratio for survival
was not significant (adjusted RR  0.99, p  0.81).
CONCLUSIONS On-pump patients experience better long-term survival and freedom from revascularization
than off-pump patients. However, the survival benefit from on-pump procedures was no
longer present in the last two years of the study. (J Am Coll Cardiol 2004;43:557–64)
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slthough the first coronary artery bypass graft (CABG)
rocedures in the 1960s were performed on a beating heart,
efinement of the cardiopulmonary bypass pump led to the
idespread use of this technology for CABG surgery
eginning in 1968. However, various complications of
ABG surgery, including adverse cerebral outcomes (1,2),
erioperative renal dysfunction (3,4), myocardial dysfunc-
ion (5), and the systemic inflammatory response (6) attrib-
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ears have caused numerous surgeons to re-examine the
afety and efficacy of CABG surgery performed on a beating
eart (7–35). Off-pump CABG surgery has been safely
erformed for many years in two centers in South America
7,8), and this early success has been reconfirmed by more
ecent experience in The Netherlands (9–11). The major
uestion that remains about off-pump surgery is whether
he need to contend with heart motion and more blood in
he operative field compromises the quality of distal coro-
ary graft anastamoses and results in a less durable or less
omplete revascularization.
The purpose of this study is to investigate and compare
hort-term outcomes (in-hospital mortality and complica-
ions) and long-term outcomes (three-year mortality and
he need for repeat revascularization) between all patients
ndergoing on-pump CABG surgery with sternotomy and
ll patients undergoing off-pump CABG surgery with
ternotomy in the state of New York from 1997 to 2000
hose long-term outcomes could be tracked.
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atabases. The two primary databases used for the study are
he Cardiac Surgery Reporting System (CSRS) for the state of
ew York and New York’s vital statistics death file. The CSRS
ontains numerous demographic variables; patients’ clinical risk
actors and complications; dates of admission, surgery, and
ischarge; and discharge status on every patient undergoing
ABG surgery in the state of New York. The 34 hospitals
ith cardiac surgery programs that are responsible for coding
he CSRS forms are trained to capture relevant information.
hen data fields are found to be missing, hospitals are
ontacted and asked to complete the missing information.
lso, comprehensive audits of approximately half of the hos-
itals in the CSRS are conducted each year to ensure coding
ccuracy. The vital statistics file identifies all residents of the
tate who die each year. Another database employed in the
tudy was New York’s percutaneous coronary intervention
PCI) registry, which was used to identify subsequent PCIs
fter CABG surgery.
tudy group and end points. The total number of patients
ndergoing CABG surgery who were discharged between
anuary 1, 1997, and December 31, 2000, in the 34 hospitals
n New York certified to perform the procedures was
3,113. This group was limited by excluding non-New York
esidents (n  2,106) and patients who underwent CABG
urgery without sternotomy (n  1,828). The remaining
atients (59,044 with on-pump and 9,135 with off-pump
ABG surgery) were included in the study.
End points included inpatient mortality, long-term
three-year) survival, and long-term (three-year) survival
nd freedom from subsequent revascularization (CABG or
CI). Deaths during the same admission as the procedure
ere identified using CSRS, and deaths after discharge after
he procedure were identified using New York’s vital statis-
ics file. The time of occurrence of revascularization was
erived from data in the CSRS and the New York PCI
egistries. Patients who did not die or require revasculariza-
ion after the initial CABG surgery were censored at the
ermination of follow-up on December 31, 2000.
ata analysis. The prevalence of risk factors known to be
ssociated with mortality were calculated for the two pro-
edure categories. These variables included the number of
iseased vessels; patient age, gender, race, and ethnicity; a
ariety of comorbidities; and measures of the patient’s
emodynamic state and ventricular function. All variables,
Abbreviations and Acronyms
CABG  coronary artery bypass graft
CSRS  Cardiac Surgery Reporting System
HR  hazard ratio
MI  myocardial infarction
PCI  percutaneous coronary intervention
RCT  randomized controlled trialncluding age and ejection fraction, were separated into fategories, and for each variable, differences between the
istributions of categories between the two types of proce-
ures were tested using Fisher exact tests for all 2  2
omparisons and chi-square tests for variables with more
han two categories.
To compare risk-adjusted inpatient mortality rates for
ff-pump surgery versus conventional CABG, a stepwise
ogistic regression procedure was developed using the LO-
ISTIC procedure in SAS, version 8.2 (SAS Institute,
ary, North Carolina). Discharge status from the hospital
fter the procedure, with in-hospital death coded as “1,” was
sed as the binary dependent variable. Candidates for the
ndependent variables included all the demographic and
linical variables available in CSRS. After the logistic
egression model was developed, risk-adjusted mortality
ates (observed/expected mortality rate ratios multiplied by
he statewide mortality rate) were tested for significant
ifferences between off-pump and on-pump patients.
Three-year survival and three-year absence of mortality and
epeat revascularization were examined while controlling for
ifferences in patient severity of illness, using stepwise Cox
roportional hazards models and the SAS procedure for
roportional hazards regression, PHREG. Off-pump surgery
as coded as a binary independent variable. Other variables
sed as candidates in the two models included age, gender,
thnicity, race, ejection fraction, previous myocardial infarction
MI), number of diseased vessels, and numerous comorbidities.
inety-five percent confidence intervals for the logarithm of
he adjusted hazard ratios (HRs) were calculated to test for
ignificant differences in outcomes between the two proce-
ures. This was done for all patients and for seven selected
ubgroups of patients chosen on the basis of demographic and
omorbid characteristics that were associated with a greater
hance of undergoing off-pump surgery than other risk factors.
Cox proportional hazard models were also used to construct
djusted survival curves for the procedures, where the type of
rocedure was used as a stratification factor. The analyses were
hen repeated with time until revascularization (CABG or
CI) or death used as the dependent variable.
To control for selection bias, a propensity model was
eveloped to find significant predictors of off-pump surgery
ersus on-pump surgery (36,37). The propensity score for each
atient was obtained by fitting a logistic regression model with
binary dependent variable representing off-pump surgery.
ndependent variables consisted of all the demographic, risk
actor, and coronary anatomy measures available in CSRS. The
ropensity score, ranging from 0 to 1, was subdivided into
uintiles. Three-year survival rates for off-pump and on-pump
urgery were compared within each quintile. Differences in
urvival curves for the two groups within each quintile were
ested with the log-rank test.
ESULTS
able 1 presents the prevalence of each available risk factor
or patients undergoing off-pump and on-pump CABG
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urgery were older and sicker than those undergoing con-
entional bypass. The off-pump group had a significantly
Table 1. Risk Factor Prevalence for Patients U
Surgery in New York State, 1997–2000
Risk Factor
O
Age (yrs)
50
50–59
60–69
70–79
80 
Gender
Male
Female
Hispanic ethnicity
Race
White
Black
Other
Ejection fraction (%)
20
20–29
30–39
40 
Missing
Previous MI
6 h
6–23 h
1–7 days
8  days
None
One or more previous open-heart operations
Stroke
Carotid/cerebrovascular disease
Aortoiliac disease
Femoral/popliteal disease
Hemodynamically unstable
Shock
CPR
ECG evidence of LVH
CHF
This admission
Before this admission
None
Malignant ventricular arrhythmia
Chronic obstructive pulmonary disease
Extensively calcified ascending aorta
Diabetes
Hepatic failure
Renal failure
Dialysis
Creatinine 2.5 mg/dl
No renal failure
Left main coronary artery disease
Number of diseased vessels (70%)
0
1
2
3
CABG  coronary artery bypass graft; CHF  congestiv
electrocardiogram; LVH  left ventricular hypertrophy; MIigher prevalence rate of older patients, women, African gmericans, and patients with lower ejection fractions, one
r more previous open-heart operations, stroke, carotid/
erebrovascular disease, aortoiliac disease, electrocardio-
going Off-Pump and On-Pump CABG
mp Surgery
9,135
On-Pump Surgery
n  59,044 p Value
 0.001
6.5 7.3
17.4 20.1
28.8 31.2
34.4 33.3
12.9 8.0
 0.001
67.9 71.7
32.1 28.3
5.2 5.4 0.566
 0.001
89.3 89.7
6.7 5.1
4.0 5.2
0.004
1.9 1.7
7.7 6.9
14.6 14.0
73.3 74.9
2.5 2.5
0.043
0.7 0.9
0.7 0.9
14.8 14.8
7.6 7.3
76.2 76.2
5.6 4.9 0.004
8.9 6.5  0.001
16.8 14.3  0.001
5.9 4.8  0.001
8.9 8.8 0.721
1.1 1.3 0.211
0.4 0.5 0.113
0.1 0.2 0.016
13.1 11.1  0.001
 0.001
17.4 11.6
6.4 6.8
76.1 81.6
1.8 2.0 0.187
16.4 16.5 0.903
8.4 5.4  0.001
31.7 31.1 0.211
0.2 0.1 0.031
 0.001
2.2 1.2
3.1 1.6
94.7 97.2
22.6 25.3  0.001
 0.001
2.0 1.8
17.7 9.9
31.5 29.4
48.8 58.9
t failure; CPR  cardiopulmonary resuscitation; ECG 
ocardial infarction.nder
ff-Pu
n 
e hearraphic evidence of left ventricular hypertrophy, congestive
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ailure, and renal failure. The on-pump group had signifi-
antly higher percentages of patients with an MI within
4 h, cardiopulmonary resuscitation, and left main coronary
rtery disease. Also, on average, they had more diseased
oronary vessels.
Table 2 presents the unadjusted and adjusted inpatient
ortality rates for on-pump and off-pump procedures.
lthough the unadjusted (observed) inpatient mortality
ates (2.48% for off-pump and 2.09% for on-pump surgery)
ere significantly different (p  0.017), the risk-adjusted
ates (2.02% for off-pump surgery and 2.16% for on-pump)
ere not significantly different (p  0.390). Also, 2.03% of
ff-pump patients were converted to on-pump procedures
rom 1998 to 2000, the only years in which this information
as available.
Table 3 indicates that off-pump patients had significantly
ower rates for two perioperative complications: stroke
1.6% vs. 2.0%, p  0.003) and bleeding requiring reopera-
ion (1.6% vs. 2.2%, p 0.001). Off-pump patients also had
significantly higher rate for gastrointestinal bleeding,
erforation, or infarction (1.2% vs. 0.9%, p  0.003). It
hould also be noted that off-pump patients had signifi-
antly lower postoperative lengths of stay (median 5 days vs.
days for on-pump patients, p  0.0001).
Figure 1 presents the logarithms of the adjusted HRs for
urvival for off-pump to on-pump surgery. These ratios are
rovided for all patients and for seven subgroups of patients.
he logarithm of the HR for off-pump to on-pump surgery
or all patients is 0.082, which translates by exponentiation
able 3. Intraoperative and Postoperative Complications for
atients Undergoing Off-Pump and On-Pump CABG Surgery
n New York State, 1997–2000
Risk Factor
Off-Pump
Surgery
n  9,135
On-Pump
Surgery
n  59,044 p Value
troke 1.6 2.0 0.003
ransmural MI 0.9 0.7 0.062
eep sternal wound infection 1.1 1.0 0.176
leeding requiring reoperation 1.6 2.2 0.001
epsis 0.9 0.9 0.854
-I bleeding, perforation, or
infarction
1.2 0.9 0.003
enal failure, dialysis 0.7 0.7 0.948
espiratory failure 3.9 4.1 0.198
ABG  coronary artery bypass graft; G-I  gastrointestinal; MI  myocardial
able 2. Unadjusted and Adjusted Inpatient Mortality for Off-
ump and On-Pump CABG Surgery in New York State,
997–2000
Outcome
Off-Pump
Surgery
(%)
On-Pump
Surgery
(%) p Value
nadjusted inpatient mortality 2.48 2.09 0.017
djusted inpatient mortality 2.02 2.16 0.390
ABG  coronary artery bypass graft.tnfarction.nto a HR of 1.086 (p  0.045). Thus, after adjusting for
ifferences in patient risk factors, patients undergoing on-
ump surgery were 1.086 times as likely to be alive at any
oint in time as patients undergoing off-pump surgery.
Of the seven patient subgroups investigated in Figure 1,
nly patients with extensively calcified ascending aorta
emonstrated significant survival differences by type of
urgery. The logarithm for the HR for these patients was
.249, which translates into a HR of 1.282 (p  0.009),
enoting a higher survival rate for the on-pump group.
Figure 1 also presents the logarithms of the adjusted HRs
or freedom from death and revascularization for all patients
nd for the same subgroups of patients. The logarithm of
he HR for on-pump:off-pump surgery for all patients is
.209, which translates into a HR of 1.232 (p  0.001). Of
he seven patient subgroups investigated, two (extensively
alcified ascending aorta and renal failure) had significant
Rs, denoting fewer adverse events for the on-pump
atients. All seven subgroups had HRs 1.
Figure 2 demonstrates three-year adjusted survival for
atients undergoing off-pump and on-pump surgery and
hree-year adjusted freedom from death and revasculariza-
ion for patients undergoing the two types of surgery. As
ndicated, patients undergoing on-pump surgery were more
ikely to survive (89.5% vs. 88.8%) and were more likely to
e free from death and revascularization (84.7% vs. 82.1%)
t the end of three years.
In the propensity analyses, Kaplan-Meier survival curves
ere computed for both procedural groups within quintiles
f predicted probabilities of off-pump surgery, with I
eferring to the quintile within which the probability of a
atient receiving off-pump surgery is the smallest. For
atients in quintiles I, II, IV, and V, the three-year survival
ates were all higher for on-pump surgery, and they were
ignificantly higher for quintiles II and IV. For all propen-
ity quintiles for three-year survival and freedom from
evascularization, rates were higher for on-pump surgery,
nd the differences were significant for the first four quin-
iles. In conclusion, because the advantage of on-pump
urgery was not limited to groups of patients with very low
robabilities of undergoing off-pump surgery, there is no
vidence of major selection bias, and the results stated above
re not altered by the propensity analyses.
ISCUSSION
ff-pump surgery with sternotomy has become increasingly
opular as an option for CABG surgery patients who have
raditionally undergone surgery with a pump oxygenator. In
ew York, the number of isolated CABG surgery patients
ndergoing off-pump surgery with sternotomy has risen
rom 573 (3.0% of all cases) in 1997 to 4,539 (27% of all
ases) in 2000.
The purposes of our study were to determine differences
n patient characteristics, short-term outcomes, and long-
erm outcomes between among all 9,135 patients undergo-
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February 18, 2004:557–64 Outcomes for Off-Pump and On-Pump CABG Surgeryng off-pump CABG surgery with sternotomy and all
9,044 patients undergoing on-pump CABG surgery with
ternotomy in New York in the time period from 1997 to
000. We found that off-pump patients were more likely to
e older and women, had somewhat lower ejection fractions,
nd had higher prevalences of comorbidities such as stroke,
arotid/cerebrovascular disease, congestive heart failure, and
enal failure. They were also less likely to have left main
isease and had fewer diseased coronary arteries. The
bserved in-hospital mortality rates were 2.48% for off-
ump CABG patients and 2.09% for on-pump CABG
atients, and this difference was statistically significant (p 
.02). However, after risk adjustment, the rates were no
onger significantly different (2.02% vs. 2.16%, respectively,
 0.39). Other studies, including one randomized con-
rolled trial (RCT) (9) and a large non-RCT (18), have also
ound no significant difference in short-term mortality,
lthough two large non-RCTs found that off-pump patients
ad significantly lower risk-adjusted operative mortality
30,31).
Off-pump patients in our study had significantly lower
ates for two perioperative complications: stroke (1.6% vs.
.0%, p  0.003) and bleeding requiring reoperation (1.6%
s. 2.2%, p  0.001). The only reasonably large RCT to
xamine stroke rates found no difference between on-pump
igure 1. Ninety-five percent confidence intervals for the adjusted ln(haz
ABG surgery for patient survival and freedom from death and revasculand off-pump patients (9), and the results from non-RCTs bre mixed, with some studies having found no significant
ifferences (32) and others having found lower rates in
ff-pump patients (31). Significantly lower postoperative
leeding, although not necessarily related to the need for
eoperation, has been identified in RCTs (9,16) and in a few
on-RCTs (33–35). A large non-RCT found no significant
ifference in return to the operating room for bleeding (32).
Our study also found that off-pump patients had signif-
cantly higher rates for one complication: gastrointestinal
leeding, perforation, or infarction (1.2% vs. 0.9%, p 
.003), and that off-pump patients had significantly lower
ostoperative lengths of stay (median 5 days vs. 6 days for
n-pump patients, p  0.0001).
With respect to longer term outcomes, the adjusted HR
or survival within three years for on-pump to off-pump
urgery was 1.086 (p  0.045), meaning that on-pump
atients were 1.086 times as likely to be alive at any time in
he period as off-pump patients. The adjusted HR for
reedom from death or revascularization for on-pump to
ff-pump surgery was 1.232 (p  0.001). Patients under-
oing on-pump surgery were significantly more likely to
urvive (89.6% vs. 88.8%, p  0.022) and were significantly
ore likely to be free from death and revascularization
84.7% vs. 82.1%, p  0.0001) at the end of three years.
hese findings are the most important ones in the study
tio) of on-pump coronary artery bypass graft (CABG) surgery/off-pump
n within a three-year period (for all patients and for seven subgroups).ard raecause although other studies found no long-term differ-
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10,11,13).
An advantage of our study is that it is very large, with
ore than 9,000 off-pump patients and more than 59,000
n-pump patients. Also, the results are based on recent data,
nd long-term outcomes were examined for the two groups.
However, there are caveats to the study. We were able to
apture deaths after discharge only for patients who contin-
ed to reside in the state of New York. Consequently we
imited the study to New York residents who underwent
ABG surgery or PCI, but if these patients moved out of
tate and died or underwent revascularizations we would
ave missed those events in the long-term analyses. It is
xpected that these omissions would occur proportionately
mong patients undergoing off-pump and on-pump surgery
o that no large biases would occur. Also, in a study
onducted several years ago (1991 to 1992) with Medicare
ata that were compared to CSRS and CARS data from the
ame time period to identify deaths missed because of
atients moving out of state, there was no significant
ifference in deaths lost by type of intervention, and the
umber of out-of-state deaths lost was minimal (88.4% to
7.6%  0.8% missing).
Another possible drawback of the study is that it is an
bservational study, not a randomized controlled trial that
as the advantage of minimizing selection bias. However,
bservational studies have the advantage that they are
epresentative of what has actually occurred in practice, are
ore amenable to generalization, and are better powered to
dentify significant differences in outcomes (38,39). Fur-
igure 2. Three-year adjusted Kaplan-Meier curves for survival and for f
urgery.hermore, there is evidence to the effect that when random- wzed controlled trials and observational studies have been
sed to compare two or more treatments or interventions,
he treatment effects are not qualitatively different for the
wo types of studies, and that the observational studies do
ot overestimate the magnitude of the effects of treatment
ompared to randomized controlled trials (40,41). Also, our
ropensity analyses did not suggest any substantial selection
ias. Nevertheless, surgical selection bias related to the
navailability of surgeons to perform off-pump surgery
ould have been a factor in the results reported here.
An important caveat of the study is that the frequent use
f off-pump surgery in New York is relatively new, so that
lthough this study reflects all off-pump and on-pump
rocedures performed with sternotomy in 1997 through
000, the majority of the off-pump procedures (7,476 of the
,135, or 81.8%) in the four-year period were performed in
999 and 2000, whereas only 43.2% of the on-pump
rocedures were performed in the last two years. Mechan-
cal stabilization for off-pump CABG was introduced in late
997 and perfected in early 1999. Cardiac positioning
evices for access to posterior coronary target vessels were
ntroduced only in early 2000. Although censoring in the
roportional hazards analyses accounts for the differences
entioned earlier, it is still possible that a bias is introduced.
hen the analyses were limited to 1999 to 2000 and
wo-year freedom from death or repeat revascularization
as examined, the HR for survival for on-pump to off-
ump patients decreased to less than one and was not
ignificant (HR  0.99, p  0.81), and when the analyses
from death and revascularization for on-pump versus off-pump bypassreedomere limited to hospital/years with at least 40% of all
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February 18, 2004:557–64 Outcomes for Off-Pump and On-Pump CABG SurgeryABG surgery patients undergoing off-pump procedures,
he HR for survival dropped even further to 0.97, p  0.71.
However, the respective HRs for freedom from death or
evascularization for on-pump to off-pump surgery were still
ignificant (HR 1.17, p  0.0004 and HR  1.24, p 
.0002, respectively). It should be noted that the lower
evascularization rates for on-pump patients are likely to be
result of some combination of better graft patency (supe-
ior anastomoses) and more complete revascularization, but
hat our database does not enable us to determine the extent
f the contribution of these two factors.
It is possible that because off-pump surgery is more
echnically demanding, off-pump surgery outcomes may
mprove relative to on-pump surgery in the future as more
urgeons master the learning curve for off-pump surgery and
s methods for stabilization of the heart during off-pump
urgery improve. Also, it should be noted that the results
resented here may not be reflective of regions in which
ff-pump surgery has experienced earlier practice penetra-
ion. It will be critically important to monitor and compare
uture outcomes for on-pump and off-pump surgery
hroughout the world.
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